Abstract--In this paper, we establish the polynomial decay for the energy of a wave motion in a bounded domain ~ C II~ 3 with a smooth boundary Oft = F, on a part F0 of which an acoustic boundary condition is subjected. The multiplicative techniques and energy method are used. (~)
INTRODUCTION
In this paper, we study the wave equation in theoretical acoustics. We denote by ~t a domain of l~ 3 filled with a fluid which is at rest except for acoustic wave motion. If ¢ is the potential velocity, so that -V¢ is the particle velocity, then ¢ satisfies the wave equation Ctt = C2A¢, in ~t, (1.1) where c is the speed of sound in the medium. We assume that the boundary 0~t = F is divided into two parts, 
where p is the density of the fluid, m, d, and k are mass per unit area, resistivity, and spring constant on Fo, respectively. If we also assume that Fo is impenetrable, we obtain a third equation from the continuity of the velocity at the boundary Fo,
a¢(~,t) = V¢(x,t) • v denotes the outward normal velocity at x E F0 and u = v(x) stands where o~ for the outward normal vector at x • F.
We assume that F1 is rigid and on it, ¢ satisfies the Dirichlet boundary condition, that is,
For more details on the model, we refer to [1] [2] [3] [4] . Moreover, we assume that there is a point xo • R 3 such that rl = {x • r I (~ -xo). ~(x) < 0}, r0 = {z • r I (z -zo). ,(z) > a > 0}, for some constant a > 0. As a typical example for the existence of the point Xo, we can see the following domain. 
We assume that re(x), d(x), and k(x) are positive sufficiently smooth functions on F0, and hence, they satisfy [1] [2] [3] ). The aim of the present paper is to establish the polynomial decay of the energy of problem (1.1)-(1.6). The global existence and regularity of solutions can be shown in the same method as in [1] [2] [3] (see Theorems 1.1 and 1.2).
We would like to refer to the works by Li and Chert [6] [7] [8] , Qin [9] , and those cited therein for the Cauchy problem of nonlinear wave equations. Moreover, we would also like to refer to the works by Rivera and Racke [10, 11] , Rivera and Oliveira [12] and Rivera and Andrade [4] in the fields of elasticity, thermoelasticity, and (thermo-)magneto-elasticity. Let us define the following space: The relation Ul E H2(fl) is equivalent to the condition that u4 is the normal derivative of ul as a trace. Thus, similar to the proofs in [1] [2] [3] , we readily obtain the following results on the global existence and regularity of solutions. The notation in this paper is standard and follows Lions and Magenes's book [8] . We put I1" II = I1' IIL~. We use C (sometimes C1,C2...) to stand for the universal positive constant independent of time t > 0.
The rest of this paper is organized as follows. In Section 2, we give some lemmas to establish energy estimates and finish the proof of Theorem 1.3.
ENERGY ESTIMATES
In this section, we use multiplicative techniques to establish some energy estimates. By (1.1)-(1.6) and Green's formula, it is not hard to verify 
1;
o By virtue of (1.4) (hence, 0~t elf 1 = 0), we get on F1,
Thus, it follows from (1.5),( 
~'k (t) ~--C1 E Ej (t), j=o
which, combined with (2.18), gives (2.14).
